Mobile payment solutions are generally not widely adopted by township residents in South Africa. Thus, this paper reports on the results of a study conducted to investigate and assess the factors that inhibit or promote the adoption, diffusion and use of mobile payments by township residents. The study was conducted in the Soshanguve Township on the outskirts of Pretoria in the Gauteng province, South Africa. The study adopted a mixed method approach for data collection and data analysis. The preliminary results of the study revealed that the adoption, diffusion and use of mobile payments in the townships is affected by a number of critical elements including opportunities to trial the mobile payment solution at no cost and ease of use supporting existing users' devices. The main contribution of this paper is therefore a proposal of critical guidelines that could aid the diffusion and use of mobile payment solutions in the townships. It should be noted that data collection for this study was only limited to one township and further research in other townships is required in order to generalise the results and guidelines.
Introduction
Mobile phones are the most adopted form of technology in the history of mankind [1] . As of 2015, there were over 7.5 billion mobile device connections in the world, representing 4.7 billion unique subscribers [2] . According to [26] , over 1.4 billion smart phones were sold in 2015 with over $3.1 trillion in revenue generated mostly by mobile network operators (MNOs). It has been argued that mobile technology has, to date, played a central role in dealing with a number of socio-economic challenges, especially with regards to digital and financial inclusion [27] . In developing countries, such as those in Africa, mobile technology has played a huge role in transforming the digital space and the financial sector. The penetration of mobile devices in Sub-Saharan Africa is at 76%, while South Africa has a penetration of over 128%, with 66.1 million active connections and 40.7 million unique subscribers [3] . It is, however, possible that some users might own multiple mobile phones whilst others may not necessarily own any physical devices, but could have access to it via other third-parties. It is also worth noting that a single mobile phone might also be shared by family and friends [4] .
The rapid advancement of mobile technology has also led to the development of mobile commerce, which is defined as "any transaction, involving the transfer of ownership or rights to use goods and services, which is initiated and/or completed by using mobile access to computer-mediated networks with the help of an electronic device" [5] . Mobile commerce also includes mobile banking [6] , which is defined as the use of a mobile device to access banking services [5] . Mobile payments (m-payments) are synonymous with mcommerce as they are used to facilitate m-commerce transactions. They are defined as "the use of a mobile device to conduct a payment transaction in which money or funds are transferred from a payer to a receiver via an intermediary or directly without an intermediary" [7] .
Mobile payments are a trend that have been adopted by many developing countries and a similar uptake in developing countries is being observed, especially in countries such as Kenya and South Africa [24] . Mobile payments are on the rise year on year. The estimated value of mobile payment transactions was US $507 billion at the end of 2014 [20] . However, previous research indicates that mobile payments in the townships 1 of South Africa are experiencing a slow uptake and use [8, 27] . This claim is also supported by the fact that a number of mobile payments initiatives by mobile network operators (MNOs) have in most instances not made the desired impact in the townships. A typical example include M-PESA that enjoyed tremendous success in Kenya, but could not make the same impact in South Africa, and as such Vodacom has over the years made a lot of adjustments to this offering including closing it down in 2016 due to lack of demand and low user subscription [27] .
The slow adoption and diffusion rate of mobile payments in the townships motivated this research with the main objective to investigate the factors that inhibit or could promote the diffusion and use of mobile payments in these environments.
The rest of this paper is structured as follows: Section 2 discusses related work in relation to mobile payments and related enabling methods. Section 3 discusses the research objectives' of the study. Section 4 discusses the research methodology that was adopted to conduct the study and the survey results are discussed in Section 5. The proposed critical guidelines that could aid the adoption, diffusion and use of mobile payment solutions in the townships are discussed in Section 6. Section 7 concludes the paper with some future research recommendations.
Related Work
In this section, related work on mobile payment solutions' adoption and use in the township environments is discussed. It should be noted that, although general research on mobile payments adoption and use is readily available, mobile payments research focusing on South African townships is limited, and thus this is the gap that this paper is purporting to address.
Mobile payments in Africa
The wide penetration of mobile phones in Africa do not only offer easy access to voice calls or internet, but to essential basic services that ordinary people in most of the under developed areas never used to have access to. It is well known that the communication aspect of the mobile device is what made it popular in Africa, especially in areas with services and infrastructure challenges.
Because of the unbanked population in Africa (mostly those living outside cities), the mobile payment solutions have proven to offer an alternative, particularly in areas where access to traditional banks is a challenge. The introduction of the mobile payments in Africa have seen some great successes in countries such as Kenya where almost 80% of world's mobile money transactions were observed between 2013 and 2014 [28] . During the same time, it is claimed that Africa's mobile payments industry was predicted at $51 billion richer compared to Europe and North America combined [28] .
The benefits related to mobile payments in Africa are that such solutions enable the unbanked [26] to have access to banking services. This is mainly because mobile payments are effected through their mobile devices. However, it should be noted that the usage of mobile payments is highly dependent on the availability of technologies that enable such transactions, hence this research is underpinned by observations that what works in one environment in Africa (e.g. rural areas), might not directly work in a township environment.
As pointed out in the KPMG survey report, the mobile payment services should be both accessible and functional where deployed [24] . In this paper, the argument is also put forth that mobile payments need to be contextual, since it has been proven that rural areas and townships do not have identical challenges, even though both environments might be under-developed.
Mobile payments in townships
The recent research study that we could find on mobile payments that paid attention to the adoption and use in the townships is by ikapadata [8] conducted in 2012. The survey was conducted in townships around Johannesburg, Cape Town and Durban. The results indicated that only 25% of the township population are accessing their bank accounts through their mobile phones or send money to other recipients through a mobile phone. The survey also indicated that only 8% of the township population has constantly sent money via a mobile device; and that the uptake of mobile payment solutions (MPSs) by the township population is still very low [8] . According to our limited knowledge, since then, no other similar study focusing on townships has been done. However, recently (2015 -2017), in South Africa we have observed, based on anecdotal evidence, a surge in mobile transactions in the townships mostly in forms of e-wallets, instant money, and cash send offered by the big banks in South Africa. Nevertheless, according to FinScope [9] , only 24% of the adult persons in South Africa are using mobile banking, albeit not specific to townships. Section 2.3 discusses the various available technologies, which may not be accessible across different environments that have access to broadband and mobile connectivity.
Mobile payments approaches
There are several methods that could be used in implementing mobile payments. These alternatives have various levels of impact depending on the features of the mobile devices owned by targeted users. Some of these methods could introduce additional costs to users, and as such it is important to have that awareness of their impact on the adoption and use of mobile payments, especially in under serviced environments. The most common mobile payments enabling methods are:
Direct mobile billing -this scheme is usually operated by mobile network operators (MNOs) and is an alternative to debit or credit cards payments. It allows mobile storefronts to be integrated with the billing systems of the MNOs. Thus, goods and services (e.g. airtime and data bundles) which are purchased from the mobile storefront are billed directly to the customer account, which is held by the MNO [10] . In this instance, users of these solutions do not require any specialised mobile devices, but only a customer account and credit managed by the MNO. PRSMS (premium rate SMS) -the customer sends an SMS to a dedicated short code (e.g. 1234). The cost is charged to the account of the customer (for example airtime account) [10] . This method of mobile payment is quite common when users are buying or using premium rated services, such as ringtones or participating in marketing competitions. Smartphone applications -most financial institutions and other e-commerce retailers have developed their own in-house applications or mobile payment gateways that enable customers to pay for accounts, goods and services via the apps. The apps can generally be downloaded and installed into their smartphones where by payments would be initiated. This method is quite common with the working class, but not so common in the township market in South Africa. Contactless -contactless payments require no physical connection between the mobile device and the point of sale (POS) terminal. Customers are able to make payments by waving or tapping their mobile device in front of a reader [11] . Some of the technologies that are used to implement contactless payments are: (1) near field communication (NFC), which is a radio-frequency identification (RFID) technology that is capable of transmitting small amounts of data between devices which are closer to each other [12] . This form of mobile payment is also not prevalent in the townships since it requires smartphones that are integrated with latest technologies (e.g. NFC).
Mobile money transfers -a number of financial institutions and service providers are tapping into mobile money transfers that target users across different spectrums (urban, rural and townships). This mode of mobile payment is popular since it is able to exploit mobile devices and existing payment technologies, such as ATMs. For example, Standard Bank of South Africa has the Instant Money 2 mobile payment solution that allows anyone (even without the bank account) in South Africa to send money or make payment to anyone in South Africa by just using their mobile phone number. The receiving user can withdraw the payment or cash either at an ATM machine or selected retail store. In addition, the cash could be used to buy other services, such as airtime or electricity vouchers. First National Bank also has a similar product called FNB ewallet 3 that allows only FNB customers to send money instantly to anyone with a valid South African cell phone number. Based on released statistics 4 , instant money is used by over 2 million people across South Africa every month, indicating this type of a method is gaining serious traction, adoption and use in South Africa. Mobile web and wireless application protocol (WAP) billing -uses the WAP technology that comes with the mobile device to access online payment services such as PayPal, or the customer is required to enter their credit card details on the merchant's website [14] . This approach is used mostly by m-commerce websites, such as those selling electronic equipment and books. In the South African townships its diffusion and use is also quite limited. Digital wallets -these refers to a virtual wallet that has the capability of storing sensitive information such as credit cards and debit cards, the data is stored in a remote server that is secured [15] . PayPal is one typical example of a virtual wallet. It allows customers to pay merchants when shopping online. This method has not been successful in Africa, let alone in the townships of South Africa. Nevertheless, it is often used by some of the technology-dependent users in the cities.
Research Objectives
The research objectives of the study presented in this paper were to investigate the factors that inhibit and promote the adoption, diffusion and use of mobile payment solutions (MPSs) by township residents, and thereafter propose critical guidelines that could aid the development of MPSs that are suitable for the township market.
Methodology
The overall study adopted both the qualitative and quantitative methodologies. The use of these two methodologies in a single study is referred to as the mixed method approach [16] . The strength of a mixed method approach is that it offsets the limitations of both qualitative and quantitative approaches. According to Creswell [16] , there are four (4) major types of mixed method designs: triangulation design, embedded design, explanatory design and exploratory design. This study adopted the exploratory design, which begins with qualitative design followed by quantitative design as indicated by Figure 1 . The rationale for this choice was that this design is most appropriate for studies where there is an absence of theory or a framework that can be applied.
Figure 1: Exploratory design approach
Most South African townships are characterized by the same issues namely; uneven access to basic public services and joblessness [22] . For the purpose of this study, the township of Soshanguve in the North of Pretoria in the Gauteng province was purposively selected. Soshanguve was selected as it was found that it would enable the researcher to generate a number of responses within a very short period of time and adhere to the budget limitations of the study. At the same time, it was noted that Soshanguve is also one of the developing townships in the Tshwane Metropolitan area, especially in terms of infrastructure. For example: Tshwane Free Wi-Fi [13] has also been deployed in some parts of the township, which is a potential enabler for use of mobile payment solutions.
Overall, the study began with the qualitative data collection phase (this phase is not covered in depth in this paper), the researcher sourced the assistance of a principal agent who was familiar with the area to assist with locating the subjects who were to participate in the unstructured interviews. Unstructured interviews were chosen because they are appropriate for studies where there is very little knowledge about the topic that is being investigated [17] . Convenience and purposive sampling were used to locate subjects, as each subject was interviewed, themes emerged which were noted by the interviewer, when new themes could no longer emerge from subsequent interviews, the interviewing process was halted with 10 interviews having been conducted.
The steps which are suggested by [18] were followed to analyse the data, the interviews were transcribed verbatim into a word document and the constant comparative method [19] was used to grasp concepts, ideas, beliefs, incidents and themes embedded in the documents. The results of the qualitative data analysis (not covered in this paper) were used to design the questionnaire that was distributed to the community of Soshanguve, and its results are the focus of this paper.
The questionnaires were distributed around shopping centres, educational institutions such as Tshwane University of Technology (Soshanguve campus), Soshanguve Secondary Schools, Soshanguve Crossing Shopping Mall and other areas where the local community gathers. The questionnaires were distributed by assistant agents who were appointed by the principal agent and they were very familiar with the area and could be seen as gatekeepers in the community. They encouraged the respondents' to complete the questionnaire in their presence in order to respond immediately to questions. The educational backgrounds of the participants ranged from those who did not have a high school qualification to university graduates. A total of 223 questionnaires were distributed and 173 were returned, resulting in a response rate of over 75%.
Survey Results
The qualitative phase of the study indicated that there are 8 categories that affect the adoption of mobile payments in the townships namely: training, usefulness, security, awareness, trust, ease of use and trialability [29] . Based on the analysis of the quantitative data collected through the 173 questionnaires, it was clear that most of the respondents were between the ages of 16 and 20 (38.15%); followed by the age group that is between 21 and 30 (36.42%); followed by the age group that is between 31 and 40 (19.65%); followed by the age group that is between 41 and 50 (3.47%); and the last group was for those who were above 61 (2.31%). The gender of the respondents was evenly distributed between the males (53.18%) and females (46.82%). The majority of the respondents had a bank account (81.50%), which is in line with [9] that reported that over 75% of adult population in South Africa have a bank account. From the results, it was also evident that in the Soshanguve Township most users own a smart phone as depicted in Figure 2 . With regards to the respondents' educational level, the highest number of respondents indicated that they had completed high school (44.51%), followed by those who had completed a technical college qualification (21.97%), then followed by those who had completed a university qualification (19.65%) as shown in Figure 3 . Page 7 of 11 To understand how respondents pay for their bills besides the use of mobile payments they were asked to indicate how the pay for their bills. From Figure 3 , it can be seen that cash is a widely used method with 79% of the respondents confirming to use this method. It is then followed by debit card (36.99%), depositing money at the bank (35.26%), ATM payments (29.48%), debit order (25.43%) and credit card (13.87%). From these results, it is evident that based on the transaction activities of the Soshanguve residents, mobile payments are not being used. To understand how familiar the respondents were with mobile payments, they were asked to confirm if they use any of the mobile services that are listed in Figure 5 . It needs to be noted that some of the functionalities shown do not meet the definition of mobile payments, but are useful in understanding how the respondents use their mobile phones. Based on the responses, it is noted that direct mobile billing (e.g. payments for airtime recharge) is quite common, although users do not associate it with mobile payments. The items (i.e. research questions) that were used in the questionnaire were developed to capture the respondents' views in relation to perceived training, perceived security, perceived awareness, perceived cost, perceived trust, perceived usefulness, and perceived ease of use and the trialability of mobile payment solutions which were derived from Phase 1.
Survey Results Discussion
This study aimed to establish factors that are inhibiting the diffusion and use of mobile payments in the South African townships and then offer guidelines as to how to eliminate those factors. Mobile payments in the South African townships have not been very successful, the adoption rate is very low as demonstrated by the results presented in the previous sections.
Based on the qualitative results in Phase 1, mobile payments are deemed to be expensive, hence the need to lower data charges as South Africa ranks high in the world in terms of the high cost of data charges [21] . It seems like mobile payments are primarily used for buying prepaid airtime. In order to increase the usage of mobile payments, opportunities should be created where township residents would be able to make purchases though their mobile devices.
Ease of use and trialibility are related constructs, the view by the respondents' was that mobile payments are complicated to use, hence the need to design simpler interfaces. Trying mobile payments before using them in a real environment would make it easy for the respondents' to use them in a real environment. Respondents' were also worried about the security of mobile payments; they do not trust the security measures that have been implemented, hence the need to educate and make the security features more apparent. Figure 2 indicates that more than half of the respondents' had a smart phone, thus confirming that they can conduct mobile payments either through USSD or smartphone apps as described in Section 2.
The research results presented in this paper are corroborated by previous studies. In [23] [24] [25] , limitations on the adoption and use of the mobile payments across various environments are highlighted including challenges related to unemployment (e.g. lack of economic activity), security, and standards [23, 24, 25] . Another perspective on the adoption of such services is said to be driven by whether the targeted users will see value in such services [24] . For mobile payments to gain traction in different environments, consumers need to be assured that transactions are secured. In addition, consumers must see them as easy to use, cheaper and commonly accepted [26] .
Guidelines for Mobile Payments Diffusion and Use
Based on the results and factors identified in Phase 1 and Phase 2 or the overarching research study [29] , the study propose the guidelines indicated in Table 1 that could assist mobile payments solutions developers such as banks, MNOs', mobile device manufacturers and software developers to develop solutions which are suitable for the township market. The underlined text in the second column represents the proposed guidelines of the factor; the text which is not underlined explains the guideline. The total cost of conducting a mobile payment should be cheaper as compared to existing alternatives. For instance the traditional POS terminal is expensive as compared to a mobile POS terminal. A small merchant who purchases a mobile POS terminal over a traditional POS terminal saves money which can result in the merchant selling goods at lower prices due to decreased input costs. Usefulness MPS should fulfil a need which is not met by the current mobile payments alternatives or it should offer more value than the existing alternatives. The MPS should be designed according to the needs of the target market as one-size-fits-all does not work. Ease of use MPS should be easier to use, simpler user interfaces where minimum input is required from the user. Trialability
Potential adopters of an MPS should be able to try it without incurring any financial penalties. Outlets such as retail stores, bank branches and Spaza shops should have the capacity to demonstrate to potential adopters how to conduct mobile payments; the demonstration process should enable the user to understand without committing to a purchase.
Trust
Mobile payment security features should be apparent to the potential adopters in order to alleviate their fears. Educating the consumers regarding the security measures that are in place can alleviate some of the fears. Security Industry security measures should be adhered to or exceeded to prevent any unauthorised access to financial information and fraud.
Conclusion and Recommendations
Mobile payments in South Africa have not been as successful as compared to other African countries such as Kenya. This study established the factors that are inhibiting the diffusion and use of mobile payments in South African townships and then proposed critical guidelines for promoting diffusion and use of mobile payments. It is envisaged that the guidelines would enable mobile payments solutions operators such as banks, independent mobile payments solutions operators and mobile network operators to design their solutions in such a way that they are able to be adopted and used by township residents. Further research in other similar township environments is required to evaluate the generality of the proposed guidelines.
